Introduction
NK cells have the ability to recognize and destroy virally infected or transformed cells, a decision based on the integration of signals from activating and inhibitory NK cell receptors 1 .
However, NK cells are most competent to exert their functions after an initial step of activation (also referred to as NK cell priming) that can be provided by innate cytokines 2 and interactions with accessory immune cells 3 . Dendritic cells are thought to play a major role in this process through their ability to secrete various cytokines upon microbial stimuli 4 . A seminal study showed that, in mice, mature DCs could trigger NK cell functions through a process that was dependent on direct cell-cell interactions 5 . Subsequent in vitro experiments in mice and humans have confirmed the requirement for cellular contact implicating surface receptors 6, 7 and/or local delivery of cytokines including IL-12, IL-18, IL-2, IL-15 and type I IFN [8] [9] [10] [11] [12] [13] [14] . In vivo, NK cells are also activated following various microbial infections or TLR stimulation, and in many cases this process depends on conventional DCs as demonstrated by inducible DCs ablation experiments [15] [16] [17] [18] [19] or with mice which selectively lack MyD88 on DCs 20 . Furthermore, NK cell activation in response to various TLR agonists was found to rely on the ability of DCs to respond to type I IFN, to express IL-15 and IL-15Rα in a coordinate fashion and to directly interact with NK cells for IL-15 transpresentation 15, 18, 21 .
The ability of DCs to activate NK cell functions through cell contacts is reminiscent of their role in priming CD4 and CD8 T cells, a process that most often requires establishing hourlong cell interactions 22 . In vitro, NK cells and DCs can form stable conjugates 23, 24 and the corresponding immunological synapse was found to be enriched for the presence of adhesion molecules and IL-12 23 , IL-15Rα 24 or IL-18 25 . How NK cells interact with DCs in vivo during priming has not yet been addressed. Two-photon imaging is currently the technique of choice to decipher cell migration and interaction in intact lymphoid organs 26 . Conflicting
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Cell preparation and transfer
DCs were isolated from the spleens of mice injected with PBS or poly I:C 4 hr earlier using anti-CD11c coated beads and an Automacs system (Miltenyi Biotec, Bergisch Gladbach, Germany) as described 31 . Purified DCs were pulsed for 10 min at 37°C with 10 or 100nM of 
Lymph node organ cultures
Mice were injected intravenously with PBS or 100 μg poly I:C and sacrificed 5 minutes later.
Lymph nodes were harvested immediately and placed at the air-liquid interface, in the upper chamber of a transwell positioned in a 24-well plate containing 200µl of culture media/well.
When indicated, lymph nodes were dissociated using surgical tweezers and cells were cultured in 24 well plates containing 1 ml of medium per well.
Confocal and two-photon imaging
Lymph nodes were harvested and fixed in periodate-lysine-paraformaldehyde, dehydrated successively in 10%, 20% and 30% sucrose and frozen in OCT compound. Sections (8µm) 
Results

Visualizing the steady-state behavior of endogenous NK cells and DCs in lymph nodes
Two recent studies have analyzed NK cell motility in lymph nodes after adoptive transfer of either positively or negatively bead-purified NK cells 27, 28 . Because the purification procedures can alter NK cell behavior and the adoptive transfer can modify the pattern of NK cell homing, it was important to characterize the behavior of endogenous, unmanipulated NK cells. To do so, we took advantage of Ncr1 GFP/+ knock-in mice, in which GFP is specifically expressed by all NK cells 29 . These animals were bred with to CD11c-YFP mice 30 in order to also simultaneously identify NK cells and the network of lymph node DCs.
First, we assessed the distribution of NK cells in popliteal lymph nodes of Ncr1
GFP/+ xCD11c-YFP mice by confocal microscopy ( Fig. 1) . T and B cell zones were identified after transfer of dye-labeled T cells and B220 staining of frozen LN sections, respectively. In good agreement with previous studies 27, 33 , NK cells were particularly enriched in the most peripheral regions of the T cell zone. NK cells density in these areas (defined as being 100 μm or less in distance from B cell follicles) was 16,600 + 2,600 cells/mm 3 versus 6,300 + 300/mm 3 in the deep T cell zone. In addition, GFP-expressing NK cells could be readily distinguished from YFP-expressing DCs following spectral unmixing of GFP and YFP signals ( Fig. 1) .
To assess the migration pattern of endogenous NK cells and their interactions with resident
DCs under steady-state conditions, intact lymph nodes from Ncr1
GFP/+ xCD11c-YFP mice were imaged using two-photon microscopy. Lymph node NK cells were highly motile ( Fig Previous studies have identified lymph nodes as a site for NK cell recruitment and activation 8, 15, 35, 36 . In order to delineate when and where activation signals are delivered to NK cells in response to poly I:C, we set up a lymph node organ culture (LNOC) system. B6 mice were injected i.v with poly I:C and lymph nodes were harvested 5 min later. Lymph nodes were either left intact and cultured at the air-liquid interface or were dissociated and cultured as a cell suspension (Fig. 3A) . NK cells recovered from intact lymph nodes after 24 hr of organ culture displayed the hallmark of NK cell activation, as determined by CD69 and intracellular granzyme B expression (Fig 3B) . This result established that NK cell activation could uniquely rely on local signal delivered in the lymph node and did not require soluble factors produced systemically during poly I:C treatment. In contrast, NK cells failed to become activated if the lymph node was dissociated (Fig 3B) . This result underscored the importance of an intact LN microenvironment for NK cell activation, possibly by favoring cellular interactions and local cytokine production. We took advantage of this observation to assess when activation signals were delivered to NK cells. Lymph nodes recovered after 5 min of poly I:C treatment were maintained in organ culture for various periods of time and were then dissociated and cultured as a cell suspension so that the total duration of the culture (organ culture+cell suspension) was constant (Fig. 3C) . While 6 hr of organ culture were sufficient to detect CD69 upregulation on a large fraction of NK cells, they were not enough to observe a significant increase in granzyme B content, which required signals delivered between 6 and 24 hr in the organ culture (Fig 3D-E) . Overall, these results suggested that NK cell priming is not an 'all or nothing' phenomenon but rather is the result of the sequential signals delivered within hours in the intact lymph node microenvironment.
Visualizing NK cell-DC interactions during in vivo response to poly I:C
While it is well-established that DCs are required for NK cell activation following poly I:C stimulation 15, 18 , the dynamics of NK cell-DC interactions involved in this process are 
S3).
While these data indicated that NK cell priming was not associated with NK cell deceleration, it remained possible that NK cell motility was modulated in the first 1-2 hours that follow poly I:C injection. To test this possibility, Ncr1
GFP/+ xCD11c-YFP mice were subjected to intravital imaging of the popliteal lymph node and poly I:C was injected i.v during image acquisition. As shown in Fig. S4 and movie 4, NK cells remained motile during the course of the experiment. Finally, we also imaged NK cell priming in response to a different TLR agonist, lipopolysaccharide (LPS), and found again that NK cell activation proceeded without NK cell arrest ( Fig. S5 and movie 5) . Altogether, these results suggested that NK cell priming did not require the formation of stable NK cell-DC interactions in vivo. To confirm this hypothesis, we examined the pattern of NK cell-DC contacts over time (Fig. 5, movie 3) . T cells (Fig. 6A) . NK cells and CD8 T cells were highly motile in the presence of untreated DCs ( Fig. 6B-C, movie 6 ). As expected from previous studies 37 , CD8 T cells and peptidepulsed DCs injected in the presence of poly I:C were engaged in long-lasting interactions that did not dissociate during the duration of the experiment (Fig. 6A, B-C, left panels, movie 7) .
In sharp contrast, NK cells remain motile and established short-lived contacts with the same DC population (Fig. 6A , B-C right panels, movie 7). Similar differences were obtained when NK cells and CD4 T cells bearing the HY-specific Marilyn TCR were analyzed for interactions with peptide-pulsed DCs in the presence of poly I:C (Fig S6 and movie 8) .
Finally, the lack of NK cells arrest on activated DCs was not an indirect effect of poly I:C injection as it was also observed when we transferred DCs that were isolated from an animal injected with poly I:C 2 hr before and washed extensively (movie 9). 
T cells but not NK cells exhibit strong calcium response upon interactions with stimulatory DCs.
It has been shown that T cell arrest upon antigen-recognition can be dictated by calcium signals. We therefore compared calcium signals in NK cells and T cells upon in vitro incubation with stimulatory DCs. In vitro, DCs isolated from a poly I:C treated mouse and pulsed with the OVA peptide were stimulatory for both NK cells and CD8 OT-I T cells as detected by CD69 upregulation (Fig. 7A) . As expected from previous studies, activation did not occur when NK cells (and obviously T cells) were separated from DCs using a semipermeable membrane, reflecting the requirement for direct cellular interactions/close promixity in this process (Fig. 7A) . Next, we simultaneously monitored the efficiency of cell conjugation with DCs and the triggering of a calcium response. To this end, NK cells or OT-I CD8 T cells were loaded with the SNARF dye and with Fluo3, a calcium-sensitive dye and incubated with OVA-pulsed DCs isolated from a poly I:C treated CFP-expressing mouse. In good agreement with our in vivo data, more than half of OT-I T cells (52%) but only 2% of NK cells formed, with these stimulatory DCs, conjugates that were stable enough to be detected by flowcytometry (Fig.7B) . We then assessed calcium signals in T cells (or NK cells) conjugated with a DC. Strong intracellular calcium signals were detected in T cells forming conjugates with stimulatory DCs (Fig.7C) . In contrast, the small subset of NK cells that formed conjugates with DCs showed only a minor elevation in Fluo3 fluorescence as compared to untreated NK cells, a small shift that may at least partly be accounted for the autofluorescence of the conjugated DC (Fig.7C and data not shown) and represented less 27, 33 . Once activated, NK cells displayed increased velocities and reduced confinement and were redistributed in the T cell zone. . Elegant experiments using mixed bone-marrow chimeras indicated that in vivo, NK cell activation in response to poly I:C required the same DCs to produce IL-15 and to express IL-15Rα for cytokine transpresentation, implicating again a direct cell contact 18 . In the light of all these studies, our results strongly suggest that NK cells 
